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(57) Abstract 

A thermoformable chemical resistant polymer blend, useful in the preparation of refrigerator and f ^.^J™-££ 
ing: A) from 45 to 70 parts by weight impact modified monovinylidene aromatic polymer, comprising from 1 to 25 weight percent 
of a rubber and 75 to 99 weight percent of a monovinylidene aromatic polymer matrix having a molecular weight (Mw) from 
50 000 to 400 000 said weight percents being based on the total weight of said impact modified, vmylaromatic polymer B) from 
15 tc 40 p ^ by weight ofan olefin polymer, selected from the group consisting of homopolymers of ^^J t S^°^ 
copolymers of ethylene with one or more C 4 . 8 a-olefins ; and C) from 5 to 25 parts by weight of a compatibihzmg polymer adapt- 
ed to increase interfacial adhesion between components A) and B), components A) and B) or components A), B) and C) existing 
in said blend as co-continuous phases, and the sum of A), B) and C) being 100 parts. 
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THERMOFORMABLE, CHEMICAL RESISTANT POLYMER BLENDS 

The present invention relates to a thermoplastic resin composition having high 

resistance to attack by chemicals such as ha.ogenated hydrocarbons and espeoally 
5 hydroch.orof.uorocarbons(HCFCs)and g oodsheetthermoform i n g chara C tens,c,Mo^ 

particular 

therefrom.suchasrefrigeratororfreezer.iners. ,n a further embodiment the present 
invention r e.ates to structures comprising such thermoformed articles hav.ng adhered to one 
surface thereof a polyurethane foam, especially such a foam prepared by the use of 
10 hvdrochlorofluorocarbon blowing agents. 

,t is previously known in the art to prepare thermof ormab.e sheets from 

thermoplastfcresins^ 

a cry.onitr-,e(ABS,resin,Suchthermoformab.eresinshavefoundw,deuse l nthepepara,on 
O fnumerousobjectssuchascontainers,toys.andapp.iancecomponents. Insula 
,5 refrigeratororfreezerlinersareoftenthermoformedfromsuchasheetmatenaL In he 

m anufactureofaty P ica. refrigerator o^^Un^^,^^ 
formed of metal or simi.ar materia, that forms the outer cabinet ordoorof the refngerator 
freezer.andthespacebetweentheoute^^^ 

foam, usually polyurethane foam. Typically polyurethane foams are prepared by blend.nga 

20 polyurethane forming mixture comprising a polyhydroxyl compound and a P°'^anate 
Ipoundwithasuitab.eb.owingagentandal.owingtheviscous.ic.uidm.xturetoexp ad 

dueto the effectsoftheblowing agent while the reaction to form the polyurethane takes 
P ,ace. Byinjectingthepolyurethaneformingmixtureinthefreespacebetweenthe 
refngerator or freezer liner and the outer jacket, and allowing the mixture to foam ,n place, a 
Lzer.Varyingdegreesofadhesionbetweenthepo.yurethanefoamandthel.nermaybe 

obtained during the foaming process. 

Anumberofchemicalsaresuitablyemployed as blowing agents, especially 

* u;-k =>« a «nr«iive solvents f or vinyl aromatic polymers, 
halogenated hydrocarbons, many of which are aggressive so.vems 
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fl . on (HCFQ and hydrof luorocarbon (HFO blowing agents have 
Recent«y.hydrochlorofluorocarbon(HCFC)an y nvironmental gradation 

beenernp.oyedinanumberofapp.-cat.onsdueto^ 

oeenfoundtooehighlyaggressives.^^ Due 
particu.arlystyrenecontaining^^^^^ 

-rss^^ — — ^ 

sheet. . a++ark hv compounds on typical 

Attempts to overcome such aggress.ve attack by comp may 

comprising the above liner. is provide d athermoformable polymer 



PCT/US92/09091 



WO 93/13168 



*««hiu 50 to 60 parts by weight, most 

more C^a-olefins; and „ h , nr ef erably 5 to 1 S parts by weight, of a 

co.patibi.izingpo.ymer.adaptedtoincreasemterfaaa.adhes 

B): A x m *nd O existing" in said blend as co-continuous 

. 5 components A) and B) or components A). B) and C) ex.st.ng 

p h ases.andthesumofA).B,andC)being 100 Parts _ dathermofofmable 
Further according to the present .nvenfon there ,sp 

30 Bfr monovinylidene aromatic monomers, copoiym 

mo dif.edhomopolymersofC MO monovny uchmonomerswitnup to 25 weight 

more such monomers and copolymers ot one or . nulirfen e aromatic monomer. 
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Suitable rubbers used to modify the impact properties of the foregoing 

c one or more C w conjugated oienes, « H c y fi.hexadiene or 

5 a n dpropy.ene"ethy,ene. P ropy.eneandanon^^^^ 

ethylenenorbornene;homo P o.yme^^^^^ 

^himodalortrimodal. etc. particle size distribution if desired. 

rubber or by a combination of such techniques. 

Preferred impact modified monoviny.idene aromatic po,ymers are prepared by 
dissoivingtherubberinthemonomerormonomers^^ 
dLand P o^^ 

25 occLonsofmatri XP o.ymerd^^ 

Ldified polymers, known as mass or soiution polymerized, high .mpact polymers, a* 

Lberypo.ymer.especiaHyemu.siongrafted rubbery polymers may be blended .ntcthe 
imnactmodifiedmonovinylidenearomaticpolymerifdesired. 

^edpo.ymerishighimpactpo.ystyrene.Averyhigh^ 

Tp^Usolutionorma^^ 

prZb.y^ 

loolvstvrenes are those whereinthe polystyrene matrix has a molecular we,ght from 
permeation chromatography employing a polystyrene standard. 
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,„ certain especial.y preferred embodiments hereof, it has been found to be 
^lydiLutedrangeof^^^^^ 

5 distributionwhereinthedispersedrubb^^^ 
5 oMOmicronormoreandwhe^^ 
suchH.PSmateria.ismoreor,^^ 

^indicated. On the other hand, said broad partic.e size distnbut.on may ,n^e the 
formofeitherab f oadmonomoda.distribu,onoramu,ti-moda.(forexamp.e.b,moda.. 
trimodaletOdistributionwithintheabove-notedbroadsizedistributionrange. 
10 ' ^ s .e.. k nown.inthecaseofatypica.monomoda,di rt ributionapredom,nant 

Lndaparticu^rpeaKsizewithintheabove-specified range and the 

ran96 ' Misa.sowe.Unown.mu.ti-moda.partidesizedistnbutionsaretypifiedbytwo 
or moredistinct peaks being discernib.e in the overa.. partic.e size distribution (that is. when 

fraction as a function of size overthe entire size range in question). 
20 ^ oneparticu.artypeorcategoryofH.PSresinofspecia.interestforusehere.nare 

H.PS resins which have a bimodal particle size distribution wherein the majority (for example 

rm7 5 « 

r d "p^ 

„ V o.um e averagepa rt ic.esize(andformavo.ume-basedpa rt ic.esized 1 stnbut 1 onpea k ,n h 
TampUomS^^^^^^^^^ 

percent) have a substantia.* so.id non-occluded morpho.ogy and form a part,c,e s.ze 

^ ionpeakormodeintherangeoffromStoSmicron. Hxemp.ary of th.stypeof h,gh 
d.str.but.o p jhe chem|Ca| Company . 

,ILa».WI»»n a "«'0»er.i1.»e,a9«P»"^»»- , 
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morphology orcan instead be of the m U it.pie nartia ,| ar |y in those instances wherein 

0^°. s,»„f the ,n *** d *"* ' portion of th. pr*"""' 

p re f. ra bl i rftoml.2»2.sm,oo«pm.d es .wic=ly« « 0) „ c , ghtp .,«„,„f largo 

whensochwmodal HlKroa™. P e ^ ac component will 

„ ^b^oda, HPS-**.!-*— «,!«. .or, L<hh» 

grafted rubber component can alternatively ue v h 
tohaveahigh.yocdudedce.lu.arrnorpho^ 

-r=rr.:===- — 
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ti ««fv V isfrom1:10to1:0.05,fnorepreferablyfrom1.2.0to1.0.i. mx 

. le ».inp.r t in^din>^on,.»r,dh.».,n„»mu m c,o^on 8 l S , ! .f™ m 0.,t<»3. 
,„te»n«»l< 1U .r,U W o(do™l~.^^."W»><'•'« M P•' £ <'" , ■•' ,, • ndto • 

. 5E==========~ 
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, * a ^ the rubbery plateau or thermoforming range) such thatthe 

Below suchtemperature the polymer melt has an sjred ^o^ed 

retainsa 'memory- permitting excessive snap back after form.ng of the 

experienceshearthinningduringthermoform^^^^ 
.Loformingtempera.reofthemon^ 

,ongerretainsacrystallinestructureorotherw.seexcess,ve.ya oftheo , efi n 

„«i.,m«r That is the crysta ne melting point, T 0 oTtne oiemi 
of the monovinylidene aromatic polymer. That is. tne cry aromatic polymer. 

==============ri 

by gel permeation chromatography using a polystyrene standard. 

p re ferredcompatibi.i Z ingpo.ymersaree.astomericpo. y mersconta,n.nga 

aromatic monomers and one or more C« conjugated d.enes. 
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diblodc. trib.ock. mu.tib.ock and radia. block copolymers whether tapered, partially tapered 
(thatis. tapered between less thana.l blocks) or hydrogenated. and mixtures of the foregone, 
A most preferred compatibi.izing po.ymer is a triblock copolymer or hydrogenated tnb.ock 
copolymer of the monovinylidene aromatic monomer or monomers employed in component 

5 A).andeitherbutadiene,iso P reneoramixt U rethereof.Th U sforuseinhighimpactpo.y- 
styrenecontainingblends.thepreferredcompatibi.izerisastyrene/butadieneor 
styrene/isoprene trib.ock copolymer, containing 25-45 (preferably 30to4S. more preferably 35 
to4Sandmostpreferab. y 40to45)weightpercentstyrene. One such preferred block 
copolymer for use herein is Vector™ 6240D. available from Dexco Polymers. Another preferred 

10 block copolymer for use herein is a styrene/isoprene/styrene triblock copolymer which conta.ns 
from42to44weightpercentstyreneand56to58weightpercentisopreneandwh 1 chhasa 

weight averaged molecular weight of 89.000 and a number average molecular we,ght 
(Mn) of 86.000. These and other block copolymers suitable for use herein will typica.ly have a 
fairly narrow mo.ecu.ar weight distribution, with the Mw:Mn ratio thereof typically be.ng .n 
15 therangeoffrom1.0to1.3(preferablyfrom1.0to1.2andmorepreferab.yfrom1.0to^1). 

The polymer blend is prepared by combining the foregoing components and. 
optionally, additional additives such as colorants, pigments, antioxidants, flow aids, reinforc.ng 
agentssuch asta.c. fiberglass, and carbon fibers, nucleators, blowing agents, and lubncants. 
The mixture isthoroughly melt blended by use of an extruder or similar, intensive m.x.ng 

20 dev.ee. ^ ^ embodime nt. the polymer blend compositions of the present 

inventionfurthercomprisesta.casanadditiona.non-po.ymericb.endingredient.Whenso 

employed, the talc ingredient used typica.ly is one which has a number averaged part.de s.ze of 
from0 1 to5(preferab.yfrom0. 1 to2andmore P referab.yfrom0.1to1)micron(basedonthe 

„ averaged or normalized size of the individual, typically irregularly shaped talc particles) and .s 
g enera..yemp.oyedinanamountcorrespondingtofrom1to20(preferab.yfrom3to15.more 

preferably from 4 to 1 2 and most preferably from 5 to 1 0) weight percent on a tota. po.ymer 
blend composition weight basis, .n connection with this particular preferred embod.ment .t 
hasalsobeenfound to be significantly preferredand advantageous to preparesaid talc. lied 
30 blendcompositionsbypre-compound.ngtheta.cwithat.eastaportionoftheo.efinpo.ymer 

component as opposed to either pre-compounding same with the impact modified 
monovinylidene aromatic polymer or directly adding the talc as a free-standing, separate 
ingredient when melt blending said olefin po.ymer and aromatic po.ymer components to form 
the subject polymer blends. While it is certainly possib.e.acceptab.e and within the scope of 
35 the present invention to incorporate the talc in either of these latter fashions, it has 
nonethelessbeenfound.however.thatdistinct.ysuperiortoughnessandprocess.ng 

characteristics^ examp.e. extrusion and thermoforming) are obtained fortheta.c-fil.ed 
blendsinquestion when the formerta.c incorporation methodology (thatis. either pre- 
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10 



•Jri^r^^^^^-^•-« h -'- ,, - b *■ , - ,, " 

20 "ono.WMenearom^c^.r^^"" / This is believed to permit 

20 th.«.or*.».»»»^" ito "" m ^ 

tt „ iU bererfil»app,«a^b».l..*.'«l ^aeperonf.f.orn 
^.n^avbein^retedintotHepr^ £ ^^her^nereno, 
»e scope of the present invention so ions « the des.red object 

lost - « .. .K.™ nn iastic Wend of the present invention are 

-10- 
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toys, furniture, and automof ve components, they ^oformed article is 

percentages are based on weight. 
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«.«^,— — 

contained in Table 1 . Tab|e t 

rnTrjprt citinn Percent Thermoforming mistering 
' Properties 

excellent few2 
excellent ™> ne 



10 



Ex 


HIPS 


PE 


SBS 


1 


66 


24 


10 


2 


56 


34 


10 


Comp- 1 


46 


44 


10 


Comp. 2 


26 


64 


10 



fair 
poor 



none 



Excellent-no observed thinning of drawn parts 
Fair- some thinning of drawn parts 

side of thermoformed sheet. 



15 



Samples 3-6 «Ai„ctwrene resins (Styron T " 484 and 

Variousb lendsoftwodifferenth»ghimpactpolystyreneres v y 
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Table 2 



10 



15 



Blend Components 
(wt percent) 

HIPS-1 (Styron™ 484) 
HlP*-2 (XU 70007) 
HDPE 

SBS (Vector™ 6240D) 
Hindered Phenol Stabilizer 
Phosphite Stabilizer 
Properties 

Flex Fatiguei number of blends 

Notched lzod2 (T.D.") 

Notched Izod* (M.D .") 

Percent Elongation at Break <T.D.) 

Tensile Modulus3(T.D.) 

Tensile Modulus^ (M.D.) 

Tear Strength 4 

Dynatup PE 5 
Ductility Index^ 



Example N umber 



3 


4 


5 


6 


56 


28 


0 


55.58 


0 


28 


56 


0 


34 


34 


34 




10 


10 


10 




0 


0 


0 


0.25 


0 


0 


0 


0.75 



3.1 
1.9(102) 
3.4(182) 

42 
117(807) 
174(1,200) 

Easy 
57 (6.4) 



13.1 
2.7(144) 
4.8(257) 

45 
133(917) 
181 (1.248) 



2.4 
2.6(139) 
7.2(385) 
21 

148(1,021) 
195(1,345) 



More Difficult Very Difficult 
120(13.5) 118(13.3) 
67(7.6) 61(6.9) 



3.7 
2.2(118) 
3.7(198) 

48 
116(800) 
161 (1,110) 

Easy 
126(14.2) 
16(1-8) 



20 



Ductility Index* 3 ^ <he Tt in the direction transverse to the 

*TD means transverse direction. Sample »s cut from sheet m 

direction of extrusion. i-unit in the direction of extrusion. 



1 



25 



2 
3 
4 



30 



occurs. niBiwij«-...- r ^ 

which a mean value is calculated. > 

or value is assigned. . ™,«iiantto ASTM D3763 using a Dynatup 

.nstrumented Dart Impact Testing "^P^ 1 ^ 05 In (1 .27 cm) and using a 2 square 
instrument with a 52 lb we,gh t »^ • *»rtdia ™^ °™ 000 ncnes /minute. Peak Energy 
inch (25.8 cm2) plaque sample and an ^P*^™*^ under the load displacement 

flex fatigue performance relate to that of the otnerwise 
prepared using either one of the individual HIPS resins separately. 
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in 

coi 



mpared to that of Example 3. 



Fvamples7-10 



In this series of Examples, various ( 



10 



; polymer blend compositions were prepared 

weightpercentstyreneandSe-SSwegn p ti blendsare set forth in 

pl aceoftheSBScopolymer. The phys,cal propert.es of the 

Table 3 below. Tab(e3 



15 



20 



25 



30 



Blend Components 
(xA/t percent) 

HIPS-1 (Styron™ 484) 

HlPS-2 (XU 70007) 

HDPE 

SIS 

Talc 

Hindered Phenol Stabilizer 
Phosphite Stabilizer 

Properties 
Flex Fatigue 
Notched Izod(T.D.) 
Notched Izod (M.D.) 
Tensile Modulus (T-D-) 
Flex Modulus* (T.D.) 
Dynatup PE 
Ductility Index 

*A5TM D790 at 0.13 cm/min rate. 





pimple Number 




7 


8 


9 


10 


49.2 


36.9 


24.6 


12.3 


0 


12.3 


24.6 


36.9 


29-8 


29.8 


29.8 


29.8 


10 


10 


10 


10 


10 


10 


10 


10 


0.25 


0.25 


0.25 


0.25 


0.75 


0.75 


0.75 


0.75 



3.1 
2.1(112) 
4.0(214) 
133(917) 
164(1,131) 
102(11.5) 

9(1-0) 



4 

2.4(128) 
4.4(235) 
150(1.034) 
164(1,131) 
131 (14.8) 
10(1.1) 



5.1 
2.5(134) 
4.6(246) 
160(1,103) 
176(1,214) 
106(12.0) 
15(1.7) 



6 

2.7 (144) 
4.9(262) 
167(1,152) 
189(1,303) 
119(13.4) 
33(3.7) 



Units are 1,000 psi (MPa). 
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AscanbeseenfromtheresultsinTab.e3.thetalcfil.edpo.ymerb.end 

compositionshereofbecomein^^ 
^.PSresin^ 

containing counterpart (that u.styron'" 484). .tthusappearsthat.mprovedtoughnessmta.c 

5 ouin Z^^^^^ 9 *^ 1 ^^!^^ 

5 pXr^ 

contained within such talc-filled blends. 

E * aB}E ^ t h i sse^^ . 
10 prepared which had identica. overa.. composition, ma.e-up but which were prepared us.ng 
different methods of incorporating the talc ingredient. 

.noneoftheb.endstExamp.eintheta.cwasintroducedtothecompound.ng 

(that is, without being pre-compounded) and in Examp.e 1 3 it was added .ntheform of a 

* c HDPE-based concentrate. . . 

,n addition, a fourth biend was a.so prepared (Examp.e 14, wh.ch conta.ned the 
samere.ativeratiosofthesamepo.ymerin g redientsbutwhichdidnotcontaintheta.c 

in9redient ' T.ephysica.propertiesobtainedforthevariousb.endspreparedintheabove- 
20 noted fashions are summarized in Table 4. 



25 



30 
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Blend Components 
{uut percentl 



HIPS-1 (Styron™ 484) 
HIPS-2(XU 70007) 
HDPE 
SIS 

10 Hindered Phenol Stabilizer 
Phosphite Stabilizer 
Talc Content 
Talc Addition Method 



15 



Table 4 



11 

24.6 
24.6 
29.8 

10 
0.25 
0.75 

10 

HIPS 

Concentrate 
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Properties 
Notched Izod (TJX) 
Notched lzod(M.D.) 
Percent Elongation at Break (T.D.) 
Percent Elongation at Break (M.D.) 
Flex Modulus (T-D.) 
Flex Modulus (M.D.) 



Fxample Number 



12 

24.6 

24.6 

29.8 

10 

0.25 

0.75 

10 

Direct 
Add 



IS 

24.6 
24.6 
29.8 

10 
0.25 
0.75 

10 

Polyethylene 
Concentrate 



IS 
27.4 
27.4 
33.2 
11.25 
0.25 
0.75 
0 



2.02(108) 


2.17(116) 


2.42(129) 


2.3(123) 


3.55(190) 


3.76(201) 


4.50(241) 


5.3(283) 


12 


8.3 


17 


34 


93 


100 


116 


180 


210(1,448) 


165(1,138) 


182(1,255) 


134(924) 


252(1,738) 


230(1,586) 


237(1,634) 


202(1,395) 



25 A5ca „beseenfro m theresu.tsinTable4.theblendpreparedusinga 

AS ♦ ,th»t is Example 13) exhibits notably better notched Izod 

polyethyiene-basedtaicconcentrateUhat-s. Example ^ 

!mpart st re n*hva^^ 
30 modulus of the resulting polymer compositmn. 
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CLAIMS 



, AtHer.ofor.ab.epo.ymerb.endthatisresi.tanttotheso.venteffectsof 

400 000. aid w.i 9 M P"«=" B ""^ °" *" ™ 9 

~ ; »rf arial adhesion between components A) and B), 

7 a refrigerator or freezer nner prc H * 



Claim 1. 

3. 
4. 
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,2 Thepolym.rUcaidofCtoim 11«tiM»tl«d»pm«Inil»» p 

m „|« ul »rw e i 8 h.=ffro m 50. M 0».00.000 1 ,™i»n»,n,a 9 lrc n ,2 5 to«we, 9 



styrene. 
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